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Introduction
Esca is a grapevine trunk disease generally as-
sociated with mature vines more than ten years
old. External symptoms present as interveinal chlo-
rosis and necrosis of the leaves, shrivelling of ber-
ries and occasional rapid collapse of the whole vine
(apoplexy). When the trunk is cut open, the inter-
nal symptom is a soft white heart rot bordered by
a black line. The longevity of vines is severely re-
duced. In Europe, the incidence of esca has dra-
matically increased over the past 15 years, partic-
ularly in southern Europe (Graniti et al., 2000). In
Australia, however, the disease is rare and its pres-
ence has only recently been confirmed (Pascoe,
1999).
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Although esca usually affects mature vines,
sometimes vines less than ten years old express
classic external symptoms but no white rot in the
trunk and this syndrome has been called young
esca (Mugnai et al., 1999). Chicau et al. (2000) re-
ported esca-like foliar symptoms associated with
black wood-streaking in 3 to 11-year-old Vinho
Verde grapevines grown in northwest Portugal. In
Italy, Serra et al. (2000) examined thirty one 5 to
6-year-old grapevines, eight of which had classic
esca foliar symptoms and three of which had suf-
fered apoplexy. However, they were unable to de-
cide what pathogen was responsible for the symp-
toms.
The aetiology of esca has been the focus of re-
search for the past century but remains unresolved
as Koch’s postulates have never been fully satis-
fied (Chiarappa, 2000). The external symptoms are
erratic and may not show every year, and the fac-
tors controlling symptom expression are unknown.
Although the internal wood symptoms have been
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successfully reproduced, the foliar and fruit symp-
toms have not. Fungi which have been isolated from
esca-affected vines and implicated as causal organ-
isms include Phaeomoniella chlamydospora (W.
Gams, Crous, M.J. Wingf. & L. Mugnai) Crous &
W. Gams, Fomitiporia punctata (P. Karst.) Mur-
rill, Stereum hirsutum (Willd.) S.F. Gray, Phaeoa-
cremonium aleophilum W. Gams, Crous, M.J.
Wingf. & L. Mugnai and Eutypa lata (Pers. Fr.)
Tul. (Larignon and Dubos, 1997). This has led to
debate as to which organism or organisms are nec-
essary for the expression of esca (Mugnai et al.,
1999; Graniti et al., 2000).
In Australia, young esca first came to our no-
tice in 1999 when it affected 3 to 7-year-old vines
growing in the Riverland-Sunraysia region of Aus-
tralia. This paper reports on a study to determine
the cause of young esca affecting three grapevine
cultivars in two Australian vineyards.
Materials and methods
Sampling sites
Two vineyards from the Riverland-Sunraysia
grape-growing region of Australia, site 1 at
Waikerie in South Australia and site 2 at Went-
worth in New South Wales, reported esca foliar
symptoms on their young vines, which was often
associated with shrivelling of the fruit. In this re-
gion, the growing season is from September to ear-
ly March, with periods of very high temperatures
(>40°C) over summer (December to February).
Vines are grown under irrigation on sandy, alka-
line, sodic soils and are vigorous and high-yield-
ing. At both sites, esca foliar symptoms were ob-
served during three seasons, 1998–’99, 1999–’00
and 2000–’01, first becoming noticeable in late
spring (November).
At site 1, the affected vines were own-rooted
Shiraz planted in 1994. They had been grown un-
der a restricted-deficit-irrigation (RDI) schedule
until February 1998 when severe wilting and fruit
shrivelling occurred. RDI was abandoned and irri-
gation increased, but esca symptoms were noticed
the following season (1998–’99).
At site 2, esca symptoms were also noticed dur-
ing 1998–’99, on own-rooted Cabernet Sauvignon
planted in 1997. The following season, Merlot graft-
ed onto Kober 5BB, also planted in 1997, showed
symptoms.
Spatial analysis
Symptomatic vines at each site were tagged
during 1999–’00 and 2000–’01 in order to follow
disease progress. In 2001, the tagged vines were
mapped and spatial analysis (ordinary runs anal-
ysis), as described by Surico et al. (2000), was per-
formed on the data to determine whether the symp-
tomatic vines were randomly spread throughout
the agronomic rows or clustered together.
Preliminary examination of vines
During 1999–’00, several vines were removed
from each site for examination. At site 1, three
symptomatic Shiraz vines were uprooted during
autumn (March 2000), their trunks cut into pieces
(both transversely and longitudinally) and isola-
tions made from any areas with wood discoloura-
tion, which was mainly black streaking. For this
purpose, small slivers (550 mm) of internal wood
were surface sterilised in 0.5% NaOCl and plated
onto potato dextrose agar amended with 50 ppm
Achromycin® (a.i. tetracycline hydrochloride; Amer-
ican Cyanamid Company, USA). After incubation
at room temperature for 2 to 3 weeks, the plates
were examined for fungal growth.
At site 2, a symptomatic Cabernet Sauvignon
and a symptomatic Merlot on Kober 5BB vine were
removed in autumn (March 2000) for examination
as described above, and in the following spring
(November 2000) five more symptomatic Merlot on
Kober 5BB vines were removed and examined.
Systematic examination of vines
When symptoms were observed at both sites for
a third season (2000–’01), a more systematic ap-
proach to vine examination was taken. In late sum-
mer (February and March 2001), from site 1 we
chose one asymptomatic vine, one vine which
showed symptoms for the first time in 2000–’01
and one vine which had been symptomatic during
both 1999–’00 and 2000–’01. From site 2, seven
Merlot on Kober 5BB vines were selected: two
asymptomatic vines, one that had expressed symp-
toms only during 1999–’00, three showing symp-
toms for the first time in 2000–’01 and one which
had been symptomatic during 1999–’00 and then
died in 2000–’01. Four Cabernet Sauvignon vines
were also selected: one asymptomatic vine, one
which expressed symptoms only during 1999–’00,
one with symptoms for the first time in 2000–’01
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and one which had been symptomatic both seasons.
The harvested trunks were cut into 10 cm seg-
ments and then surface flame-sterilised. Internal
symptoms were described. Small pieces of inter-
nal wood were taken from areas with black and/or
brown streaking and plated onto potato dextrose
agar amended with lactic acid (2 drops lactic acid /
100 ml medium). All remaining trunk pieces were
moist incubated and examined at 40 for the pres-
ence of esca-associated fungi after 4 to 8 weeks.
Results
Spatial analysis
One dimensional spatial analysis of the symp-
tomatic vines showed that they were randomly dis-
tributed at site 1 (Figure 1) but clustered at site 2
(Figure 2) along the agronomic rows.
Preliminary examination of vines
Internal examination of the trunks showed that
all had some black wood-streaking, particularly
near the base, which in combination with the foli-
ar symptoms is consistent with young esca. Subse-
quent isolation and moist incubation confirmed
that all of the sampled vines were infected with P.
chlamydospora. Other fungi isolated were species
of ubiquitous genera such as Penicillium, Alter-
naria, Cladosporium and Gliocladium.
Systematic examination of vines
Site 1: Shiraz
All the own-rooted Shiraz vines had black wood-
streaking and Phaeomoniella chlamydospora
present in the trunk (Table 1). Vine 1, symptomat-
ic during both seasons, had black wood-streaking
along the entire length of the trunk and P. chlamy-
dospora present in the bottom 20 cm. Vine 2, symp-
tomatic in 2000–’01, had both black wood-streak-
ing and P. chlamydospora in the lower third of the
trunk and again in the top third associated with a
deep crack downwards from the cordons. P. chlamy-
dospora was found sporulating abundantly in this
crack, which was very similar to the sites of in situ
P. chlamydospora sporulation found by Edwards
et al. (2001). Vine 3, asymptomatic, had very little
black wood-streaking and some P. chlamydospora
scattered throughout the trunk. The only other
esca-associated fungus found was Phaeoacremoni-
um aleophilum in a single portion of vine 2.
Site 2: Merlot grafted onto Kober 5BB
All vines had black wood-streaking and P.
chlamydospora in the rootstock just below the graft
union (Table 2). In the asymptomatic vines (6 and
7) and vine 3 (symptomatic in 2000–’01), black
wood-streaking and P. chlamydospora were limit-
ed to the rootstock, but in the other vines these
were also evident in the scion wood. P. aleophilum
was found in vines 1, 3 and 6.
Site 2: Cabernet Sauvignon
Black wood-streaking and P. chlamydospora
were present in all the symptomatic vines (vines
1–3) but not in the asymptomatic vine (vine 4) (Ta-
ble 3). P. aleophilum was present in two vines (1
and 4), and an unidentified basidiomycete associ-
ated with white heart rot was present in the be-
low-ground portion of vine 2.
Once again, the only other fungi isolated from
the trunks were species of ubiquitous genera such
as Penicillium, Alternaria, Cladosporium and
Gliocladium.
Discussion
In all cases of young esca examined in the
present study, the common factor was the presence
of Phaeomoniella chlamydospora associated with
black wood-streaking in the affected trunks. Oth-
er esca-associated fungi were rare. Phaeoacremo-
nium aleophilum was observed in six of the 19 vines
examined (4 symptomatic and 2 asymptomatic),
and an unidentified basidiomycete associated with
white heart rot was present in only one vine (symp-
tomatic). P. chlamydospora was also isolated from
all except one of the young esca vines examined in
Italy (Serra et al., 2000) and Portugal (Chicau et
al., 2000). Sparapano was able to reproduce foliar
symptoms resembling esca such as interveinal chlo-
rosis and necrosis in 6-year-old vines by injecting
liquid cultures of P. chlamydospora into current-
season shoots (Sparapano et al., 2000a). He then
demonstrated that similar symptoms could be pro-
duced by injecting metabolites extracted from P.
chlamydospora culture filtrates and from discol-
oured wood infected with P. chlamydospora (Spara-
pano et al., 2000b). In 1999, Mugnai posed the ques-
tion as to whether esca is (a) a disease complex
requiring the interaction of two or more organisms
to produce the overall syndrome, (b) a complex of
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two distinct diseases: white heart rot caused by
Fomitiporia punctata and black wood-streaking
caused by P. chlamydospora, or (c) a disease in-
duced by P. chlamydospora alone (Mugnai et al.,
1999). The results outlined above suggest that esca
is a disease induced by P. chlamydospora alone.
However, there are still unanswered questions.
P. chlamydospora has been identified as the cause
of stunted growth and decline of young grapevines,
a disease now known as Petri disease (Ferreira et
al., 1994; Crous et al., 1996; Scheck et al., 1998; Pas-
coe and Cottral, 2000). Why, in this case, did the
vines succumb to young esca and not Petri disease.
Why are symptoms erratic from year to year?
In the present study, 3 of the 4 vines without symp-
toms had both black wood-streaking and P. chlamy-
dospora in the trunks, although to much lesser
extent than the symptomatic vines.
Table 1. Internal symptoms and esca-associated fungi (Phaeomoniella chlamydospora, Pch; Phaeoacremonium aleo-
philum, Pal) found in the trunks of 7-year-old own-rooted Shiraz vines from site 1, Waikerie, South Australia,
Australia.
Vine 1: Vine 2: Vine 3:
Trunk esca 1999–00 and 2000–01 esca 2000–01 asymptomatic
portiona
Symptomsb Fungus Symptoms Fungus Symptoms Fungus
0 + Pch + - - -
1 + Pch + Pch + -
2 + - + Pch+Pal - Pch
3 + - + Pch - -
4 + - - - - -
5 + - - Pch - -
6 + - - - - -
7 + - - - - Pch
8 + - - Pch + Pch
9 + - - - - -
10 - - - -
11 - - - -
12 + Pch - Pch
13 - Pch - Pch
14 + Pch - -




a Trunks were cut up into portions approx. 10 cm length. Portion 0 was below ground, portions 1–18 were sequential beginning at
ground level.
b Internal wood symptoms: +, wood discolouration, usually black wood streaking; -, no internal symptom observed.
c Symptoms in these portions included a large split down the trunk from the top where the cordons differentiated. Pch was found
sporulating in abundance inside this split.
What factors control the expression of esca
symptoms? In the case of Merlot on Kober 5BB, all
of the vines we examined had black wood-streak-
ing and P. chlamydospora in the rootstock, but only
the symptomatic vines had these in the scion. This
suggests that the disease was not being expressed
until the infection had spread from the rootstock
past the graft union into the scion. Spatial analy-
sis of the distribution of symptomatic vines in both
vineyards was inconclusive as site 1 symptoms
were randomly distributed, yet site 2 symptoms
were clustered. We need to explore whether these
patterns can be correlated with soil or microclimat-
ic factors. In 2000–01, the owner of site 2 observed
that symptoms appeared two weeks earlier on
Merlot than on Cabernet Sauvignon. At this site,
Cabernet Sauvignon reaches harvest two weeks
later than Merlot, so in fact the symptoms appeared
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Table 2. Internal symptoms and esca-associated fungi (Phaeomoniella chlamydospora, Pch; Phaeoacremonium aleo-
philum, Pal) found in the trunks of 4-year-old Merlot vines on Kober 5BB rootstock, from site 2, Wentworth, New
South Wales, Australia.
Vine 1: Vine 2: Vine 3: Vine 4: Vine 5: Vine 6: Vine 7:
esca 1999–’00 esca 1999–’00 esca 2000–’01 esca 2000–’01 esca 2000–’01 asymptomatic asymptomaticTrunk dead 2000–’01
portiona
Symptomsb Fungus Symptoms Fungus Symptoms Fungus Symptoms Fungus Symptoms Fungus Symptoms Fungus Symptoms Fungus
0 - - + Pch + Pal + Pch + Pch + Pch - -
1 - - + - (G) + Pch+Pal + Pch + Pch (G) + Pch - -
2 (G) c + Pch (G) + Pch - - (G) + Pch (G) + Pch - - + -
3 + Pch - - + Pch + Pch - - (G) + Pch
4 + - - - + - - - - - - -
5 + - - - + - - - - - - -
6 + Pal - - + Pch - - - Pal - -
7 + - - - - - - - - - - -
8 - - - - - - - - - - - -
9 - - - - - - - - - - - -
10 + - - - - - - - - - - -
11 - - - - - - - - - - - -
12 - - - - - -
13 - -
a Trunks were cut up into portions approx. 10 cm length. Portion 0 was below ground, portions 1–13 were sequential beginning at
ground level.
b Internal wood symptoms: +, wood discolouration, usually black wood streaking; -, no internal symptom observed.
c (G), graft union.
Table 3. Internal symptoms and esca-associated fungi (Phaeomoniella chlamydospora, Pch; Phaeoacremonium aleo-
philum, Pal; white heart rot fungus, basidio) found in the trunks of 4-year-old own-rooted Cabernet Sauvignon
vines from site 2, Wentworth, New South Wales, Australia.
Vine 1: Vine 2: esca 1999–’00 Vine 3: Vine 4:
Trunk esca 1999–’00 and 2000–’01 esca 2000–’01 asymptomatic
portiona
Symptomsb Fungus Symptoms Fungus Symptoms Fungus Symptoms Fungus
0 + Pch + Pal +c Basidio - - - Pal
1 + Pch + Pch + basidio - - - -
2 + Pch + Pch + - - -
3 - - + - + - - -
4 + Pch + - + - - -
5 - - + - + - - -
6 - Pal + - + - - -
7 - - + - + - - -
8 - Pal + - + Pch - -
9 - - + - + - - -
10 - Pch + - + - - -
11 - - + - + - - -
12 - - - - -
a Trunks were cut up into portions approx. 10 cm length. Portion 0 was below ground, portions 1–12 were sequential beginning at
ground level.
b Internal wood symptoms: +, wood discolouration, usually black wood streaking; -, no internal symptom observed.
c Symptoms in this portion were white heart rot and black wood streaking.
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Fig. 1. Map of  7-year-old Shiraz vines (Site 1) express-
ing esca foliar symptoms. Grey squares: symptomatic
in year 2000; black squares: symptomatic in year 2001;
: missing vine.
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Cabernet Sauvignon Merlot 
Fig. 2. Map of 4-year-old Cabernet Sauvignon vines (left)
and  Merlot vines on Kober 5BB rootstock (right) (Site
2) expressing esca foliar symptoms. Grey squares: symp-
tomatic in year 2000; black squares: symptomatic in year
2001; : missing vine.
when the two cultivars had reached the same de-
velopmental stage sometime between flowering and
veraison. Are the symptoms caused by a fungal
toxin induced by some hormonal trigger in the host?
Continued monitoring and further data collection
may provide some answers in the future.
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